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THE PROBLEM OF AKEOFF USING A TOW WINCH 

A. J h man 

(d 

ABSTRACT: Theoret ica l  and ex er imental  ana lys is  o f  the 
mechanics o f  g l i d e r  takeof f  us ing  a tow winch, w i t h  p a r t i c u -  
l a r  cons iderat ion o f  the loads app l ied  t o  the  g l i d e r .  The 
g l i d e r ' s  f l i g h t  path a t  takeof f  i s  examined dur ing  th ree  
d i f f e r e n t  phases: ( 1 )  s l i d i n g  o r  r o l l i n g  over  the ground 
t i l l  the moment o f  l i f t - o f f ,  (2) t r a n s i t i o n  i n t o  c l imbing 
f l i g h t ,  and (3) c l imb ing  f l i g h t  u n t i l  the  i ns tan t  o f  
release. The length o f  the f i r s t  phase i s  determined i n  
terms o f  the necessary a i r  speed. The fo rce  exer ted by  the  
winch i s  s tud ied  i n  r e l a t i o n  t o  ground f r i c t i o n  and forces 
present i n  the  towing cable. The lengths o f  the subsequent 
phases are s i m i  1 a r l y  cons i de he e f f e c t s  o f  cable 
shape are studied. The e q u i l i b r i u m  o f  forces a c t i n g  on the 
g l i d e r  i s  o u t l i n e d  i n  terms o f  the aerodynamic force,  the 
g r a v i t a t i o n a l  force,  and the  towing force.  F1 i g h t  speeds 
and towing forces are experimental l y  determined f o r  two 
d i f f e r e n t  g l i d e r s  and tow winches. 

/11 Glider takeoff using a tow winch is  a f a i r l y  complex process. In - 
ac t i ce  it i s  impossible t o  ca lcu la te  many o f  the f ac to r s  exer t ing an i n f l u -  
ce on the takeoff process,  one such as  individual control of the  g l ide r  by 
e p i l o t ,  operation of the tow winch by the winch mechanic, the  f ly ing  

q u a l i t i e s  of  the g l ide r ,  t he  cha rac t e r i s t i c s  of  the tow winch, head wind, 

de do not correspond t o  actual  conditions and are not confirmed by p rac t i ce  

Useful r e s u l t s  were obtained f o r  t he  first t i m e  by Gedeon, who measured 
e parameters o f  takeoff of t he  "Meise'' g l ide r  using the "Herkules" tow winch 

rmal eakeoff using a tow w i  

the  foreign t e x t .  
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t he  takeoff  process progresses. On the othe d, the force i n  the towing 
able of the g l ide r  is  approxim . Since these measurements are,  
e s t r i c t e d  t o  only one type of 

epublic there  had f o r  some t i m  
he problem of takeoff using a 

w winches o f  the "Herkules" type wwe introduced, it became possible  t o  
xceed the  permissible g l ide r  towing speed (especial ly  i n  the case of  the 

type of tow winch, t he  en t i re  
keoff problem cannot be f u l l y  explained with them. In  the  German Democratic 

t h e  Czechoslovak high-strength 
r dealing more thoroughly with 

i\* 

y" g l ider )  and it was feared t h a t  the design might be overloaded. Other 
f f i c u l t i e s  arose with the  o l d  tow winches of the  "Maybach" type, i n  the case 

"I t h e i r  use f o r  two-person g l iders .  
ower of 94 metric horsepower, which i s  recognized t o  be necessary i n  the 

case of two-person g l iders ,  but s u f f i c i  n t  a l t i t u d e  is  of ten  not  a t ta ined  a t  
the  a i r  f i e l d  under l e s s  favorable cond t ions ,  with a small head wind. V i e w s  
have d i f f e red  and misunderstandings have ar isen concerning t h e  load t o  which 
the  g l ide r  design i s  subjected and the  length of  the breakaway cord connected 
t o  the towing cable. 

On the test bench these engines exhibited 

A t  the beginning of 1962 an agreement was concluded between t h e  Light 
Design I n s t i t u t e  (IfL) i n  Dresden and the  Civi l  Aeronautics Aviation Control 
Equipment Center (PfL/ZL) i n  Pirna on j o i n t  work t o  solve the  problem of take- 
of f  using a tow winch. 

/12 

A s  a r e s u l t  of analysis  of t he  not overly extensive l i t e r a t u r e  on t h i s  
subjec t ,  first the equations were establ ished which define the  f l i g h t  path 
process andthe f l i g h t  a l t i t u d e s  achieved, and an estimate w a s  made of the  tow 
winch power required.  

These measurements could then be compared i t h  the  r e s u l t s  of measurements 
i n  f l i g h t .  Such measurements i n  f l i g h t  were made by a work group i n  autumn of 

62 i n  Riese-Canitz. 

The Mechanics of Takeoff Using a Tow Winch 

F i r s t  of a l l  ce r t a in  r e l a t i o n s ,  known a t  least i n  p a r t ,  which per ta in  t o  
e mechanics of  takeoff using a tow winch should be c i ted .  
a tes  t he  f l i g h t  path during takeoff using a tow winch. 

The f l i g h t  path may be divided i n t o  three phases: 

Figure 1 i l l u s -  

1 I 1) S l id ing  o r  r o l l i n g  along t h e  ground u n t i l  breakaway at  a speed of 
@ = 1 .2VCl ,  

2) Transi t ion t o  climbing f l i g h t ,  

I_ 3) Climbing f l i g h t  t o  the in s t an t  of re lease.  

During the  first phase the g l i d  
t o  the  speed of breakaway from the  g 
Qff from a pos i t ion  o f  rest ,  when eo 

s t  be accelerated from a s t a t e  of r e s t  . The cr i t ical  moment i s  s t a r t i n g  
t capabi l i ty  fo r  accelerat ion i s  

- -I ~- 
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ecessary. When en t  t he  l ightening act i  
eness o f  the ground man 
force i n  the  towing cab 

rodynamic l i f t  is not exerted 
self. immediately as a per turb 

east 50 t o  100 k 
epending on the  

is  required t o  overcome the  force  of f r i c t i o n  of  
on of the  a i r f i e l d  surf&ce 

being assumed t h a t  t he  ground i the  g l i d e r  i s  provided w i  
wheels. (The value of  the coe ion 1.1 = 0.08 t o  0.10 i n  t 
sf wheels; 1-1 = 0.30 f o r  skids;  1.1 = 0.50 t o  0 .1  €or a cable.) These mini 
values a re  grea t ly  exceeded i n  the  event of  sandy ground and skids .  

. In the  case of a tow winch o f  t he  "Herkul type,  on the  bas i  
e s u l t s  of measurements one may an t i c ipa t e  the  occurrence of a constant 

i n  a towing cable of the order  of S x 250 t o  280 kg during the  takeoff 
In the case o f  a tow winch of the  "Maybach" type the force amounts t o  
S M 160 t o  200 kg. 

Figure 2 shows the length of the takeoff run t o  the  point  of b 
e length of  the takeo 

wn condition of equi l  

at  v = 1 .2vz1 as a function of wind speed. 

calculated i n  t h i s  case by in tegra t ing  the 
the forces during the takeoff run: 

, *  % 
"i 

gure 1. Fl ight  Path During 
eoff  Using' a Tow Winch 
agrammatic Represengation) . 

~~~ -- ~ ~ 

Measured 1 + "Lehrmeister"; 'lHerkules'' 
Values : tow w i nch 

0 "Baby"; "Maybach" tow 

0 "Baby"; "Herku 1 es" tow 

= 1 .2*Vz1 ;  1.1 = 0.08; 

i s  

Figure 2.  Rolling Path Along Ground t o  
Point of  Breakaway by Glider a t  
V + 1.2Vz1 as a Function o f  Wind Speed. 

- -*. rr 
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The values obtained from measurements during f l i g h t  are a l so  given f o r  
ithe sake o f  comparison. The wid 

ow winch is  due large 
e s k i l l  of t he  mech 

@e secoltd phase t h  

of  the  point  i n  the  'case of the 
en t  o f  the clutch,  t h i s  b 

he tow winch. 

reaking away from the  g 
ought i n to  the  I_- climbing - - f l i gh t ,pos i t i on  by corresponding manipulation .. evator.  The s t re td i - length  corresponding t o  t h i s  i s  : 

* - 

I t  amounts t o  50 t o  80 m depending on the force i n  the towing cable, the 
weight of  t he  g l ide r ,  and the head wind. 

1 s, = 

The t h i r d  phase includes climbing igh t  proper t o  the moment of re lease  
of the g l ide r .  
sag, the  a l t i t u d e  may be calculated from the equation: 

On the  assumption of  a weightless towing cable exhibi t ing no 

I 

According t o  Rade [3] the length o f  the towing cable erm 
with the formula: 

I 011 ' I .  Qo 

With G/S assumed t o  be constant, the  speed of t he  towing cable re fer red  
the  f l i g h t  speed i s  obtained from the equation: 

I t  follows from the  measurements i n  f l i g h t  themselves and from reference /13 
t h a t ,  owing t o  f a i l u r e  t o  allow f o r  t he  sag of  the  towing cable,  the 

l e  speed ac tua l ly  i s  1 .22  t o  1.27 times grea te r  than t h a t  yielded by the  
regoing equation. 

XI^ 

- Hence, t he  cable speed under windless conditions w i l l  be  

...~... .,... ~ .." '.. . .  . ,",.. , . .1 ,.,. . . 



This equation is obviously v a l i d  when the  cable is completely suspended 
g l e  il = 15" t o  2 S 0 ,  depending 

n t h i s  angle i s  reached 
i t h  a t o t a l  cable len 

__ 0 t o  1000 m; d is tance S2 and 

1.50 m ( f o r  t he  "Baby" g l ider )  t o  210 m ( f o r  the "Lehrmeister" g l ider )  under 
windless conditions : 

ove the  ground, t h i s  occurrin 

the force i n  the cable and i 
t i t u d e  usual ly  amounts t o  app 

t r a n s i t i o n a l  arc , ranges from 

. 

with: 

and : 
~~ ~ ~ 

Lo - s1 - ( c f .  Fig. 2) 

Release occurs a t  a towing cable angle of  60" t o  65". The f ly ing  a l t i -  
tude reached may be calculated i n  approxima the  equation: 

Reduction of  t he  cable length by 5 m a shortening of the  chord 
i n  r e l a t i o n  t o  t he  actual  cable length. Due t o  cable sag, the glider-tow 
winch-ground angle i s  reduced by about f i v e  degrees i n  comparison with the  

able angles during re lease .  

Figure 3 shows the  f l i g h t  path f o r  the condition S/G of 0.65 and 1.25 
iv ing  from the  equation c i t ed ,  f o r  calm and with cable sag  taken in to  

e calculated f l i g h t  path agreed closely with the measured f l i g h t  
I t  should be pointed out t h a t  during the f l i g h t  t e s t  an influence was t h .  

e r ted  by t h e  wind and the  force i n  the towing cable was not completely 

The power required of  the  tow winch f o r  climbing f l i g h t  consis ts  of four  

Glider weight X climbing speed, 
Aerodynamic res i s tance  of g l i d e r  
Cable weight X (average) cable climbing speed, 
Aerodynamic res i s tance  of cable X (average) cable speed relative t o  t h e  

X f l i g h t  speed, 

air  : 
4 '  
J ,  

... ,. .. . . .. . .. . "  .. 

5 - r  
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Since climbing f l i g h t  cons t i tu tes  the  predominant port ion of  t h e  e n t i r e  
reaching t h e  f l i g h t  a l t i t u d e .  takeoff ,  the  ava i lab le  torque i s  deci  ve f o r  

The cable speed decreases constantly during climb. Hence it is  espec ia l ly  
important t h a t  s u f f i c i e n t  pu l l i ng  force be avai lable  even a t  low speeds of the  
towing cable,  i . e . ,  t h a t  s u f f i c i e n t  torque be maintained a t  low engine speed. 

A l l  the  forces  ac t ing  on a g l i d e r  m u s t  be i n  equilibrium. In steady 
towed f l i g h t  the r e su l t an t  aerodynamic force is  balanced by the r e su l t an t  of 
the weight and the force i n  the towing cable.  
path,  and consequently the  ce r t r i fuga l  force,  a r e  small and may be ignored. 
A greater  cen t r i fuga l  force  

The curvature o f  the  f l i g h t  

occurs only during t r a n s i t i o n  t o  climbing f l i g h t .  
/ 14 * The r e su l t an t  aerodynamic force may by known methods be decomposed i n t o  the  - 

rodynamic l i f t  and res i s tance ,  and s ince  the  aerodynamic lift by de f in i t i on  
.perpendicular t o  the  d i rec t ion  of f l i g h t ,  t h e  d i rec t ion  of f l i g h t  is a l so  
ta ined regardless of f l i g h t  speed. Hence the p i l o t  cannot inf luence the  
rec t ion  of f l i g h t  o r  the angle of  climb by means of the e leva tor ,  since 
ese parameters are determined by the value and d i rec t ion  of  force i n  t h e  

I 

ing cable. 

While during f r e e  horizontal  f l i g h t  the aerodynamic l i f t  is  d i rec ted  
opposite the t o t a l  weight of the  g l ide r  and balances it, i n  curv i l inear  f l i g h t ,  
i n  a loop, during pull-up o r  during a tu rn ,  a cent r i fuga l  force a l so  occurs, 
,md the  load on t h e  g l ide r  i s  
p i l o t  may estimate the load by the  force  with which he i s  pressed i n t o  the  

a multiple of t he  weight of the g l ide r .  The 

e a t  o r  by the force pressing him against  the b e l t .  
f b u i l t - i n  accelerometer and by it e 

es the  controls so tha t  n e i t  

Hence t h e  p i l o t  has a s o r t  
es the  load on the g l ide r .  H e  

e himself nt>r vhe g l i d e r  w i l l  be 
t o  great  1 oads . 

6 
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the  weight of  t h e  wing exert ing 
o f  the "Baby" g l ide r  the load re 
of the  g l i d e r  amounts of 36% of C f .  Figure 5, bottom). 

The ac tua l  bending load on t h e  win ed by the  aerodynam 
e f f e c t .  In the  case c i t ed  
wings and caused by the weight 

Aergdynamic 1 i f t  

Figure 4 .  Forces Acting on a Glider Figure 5. Permissible Load f o r  I 
i n  Steady Towed Fl ight  

t 

curvature of t he  f l i g h t  path,  the  cent r i fuga l  force is  small, the  load f a c t o r  - 
is near  un i ty ,  and the p i l o t  cannot by h i s  "accelerometer" estimate the load *'- 

t o  which the  g l i d e r  w i l l  be subjected. Load removal from t h e  wings is mini- I 
mal ( C f .  Figure 5,  bottom). The permissible force i n  the towing cable rela- 
, t i v e  t o  the s t rength  of t he  g l i d e r  may be calculated according t o  the  ex i s t ing  
bending s t rength  of the wing and by allowing f o r  the minimal load removal 
due t o  the  act ion of  the dead weight of the wing. 
gl iders  a r e  given i n  Figure 6 .  

~ 
~ I A i r fo i l s  of "Baby" Glider. 

~ 
~~~ ~ ~~~ 

The s i t u a t i o n  is d i f f e ren t  during towed f l i g h t .  Because of the  s l i g h t  

r 

Such values f o r  d i f f e ren t  

The m a x i m u m  permissible f l i g h t  speed during takeoff using a towing winch 
generally spec i f ied  so t h a t  exceeding t h e  permissible wing load w i l l  not 1 

e possible  during f l i g h t  with the maximum possible  l i f t  coef f ic ien t  up t o  t h i s '  
,sgeed. I 

The range ava i lab le  between the speed permissible f o r  s t rength  considera- 1 - /15 
ons and t h a t  determined by the  maximum l i f t  coef f ic ien t  is f a i r l y  narrow. 

_.-..I In $owed f l i g h t  the minimum f ly ing  speed i s  grea te r  than i n  free f l i g h t ,  s ince  ' 
the force i n  the cable must a l so  be %orne''. 

Figure 7 i l l u s t r a t e s  the  s i t u  r ing towing-af the  llBaby'' g l i d e r  by 
e "Herkules" towing winch. 

~~ _ _ ~  ~ ~~ ~- ~~~ ~ -~ .. . 

- . . 



Figure 6.  Possible Forces i n  Towing re 7 .  Range of Fl ight  Speed 
Cable f o r  Individual Glider Types. During Takeoff Using Towing Winch 

("Baby" G 1  i der,  "He rkul es * Towing 
Winch). 

The measurements were conducted with two of  t h e  towing winches the most 
The rtMaybach" towing winch is  provided with a 

o l ine  engine of a power of 94 metric horsepower, a four-speed gearbox, and 
a1 clutch worked by a pedal The l lHerUes ' '  towing winch, on the  

e r  hand, is provided with a "Tatra" e se l  engine of a power of 134 metric 

que even a t  low engine 

commonly used i n  the GDR. 

rsepower. In  place of a dr ive engage mechanically, it has a hydraul ic  
utch permitt ing t h e  transmission of t speeds. 

- In  order  t o  achieve the  widest possible  measurement range, tests were 
onducted on the  one hand with the  l i g h t e s t  g l i d e r ,  the  "Baby'; o f  a f ly ing  
eight  o f  250 kg and on the  o ther  with the  heaviest ,  the  "Lehrmeister': o f  a 

weight of 500 kg. 
were ava i lab le  it was possible  t o  make 29 test  f l i g h t s .  

Despite the shor t  per iod during which measuring instruments 

8. 
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The following parameters means of automatic recording 
evices i n  order  t o  obtain use m the  f l i g h t  tes t :  

eed and a l t i t u d e ,  on the g l ide r ,  
1 

d of this cable on t h e  
winch a l s o  the  engine speed. 

g equipment on the  towing winch w a s  
speed of t he  towing cable (Figure 8) .  .. 

In t h i s  arrangement the  cable 
sses thmugh two guide r o l l s  and i n  
e center  through a measuring r o l l  

secured i n  an eccen t r i c  pos i t ion .  
pressure i n  the  hydraul ic  servomotor is 

The 
0 towing \ 

of the  force occurring i n  t h e  
Cable speed is  measured by means 

voltage of an electric current  
ne ra to r  coupled t o  the  guide 
e measured values of the  force  

Figure 8. Equipment f o r  Measuring 
Force i n  Cable and i t s  Speed 
(Diagrammatic Representation) . 
re-co rile 
"Maybach" towing winch i n s t a l l a t i  
s ive  modifications. The measurin -vol t  gene- 
r a t ing  set .  The e n t i r e  measuring equipment was ca l ibra ted  and performed very 
well during operation. 

i n  the cable ,  cable speed, and the  
engine speed i n  the case of the  
"Herkules" towing winch are transmitted 

h en ters  the  p 
e more exten-6 

, 

Figure 10 i l l u s t r a t e s  t h e  measuring system. The instrument f o r  measure- 
n t  of the  force and speed of t he  towing cable was secured on the  chassis i 

the  o l d  ''Maybach" winch and se t  i n  ont of the "Herkules" winch used f o r  1 
asurement . 1 

The recording of t h e  takeoff of t "Baby" g l i d e r  using the "Herkules" 
wing winch is  shown i n  Figure 11. The recordings are t o  be read from r i g h t  

left.. 
is  of graduation of t he  equipment, 

The parameter values entered i n  the  diagram were obtained on the  
Before the  takeoff  i t s e l f ,  i . e . ,  before 

e g l i d e r  starts movement, increase i n  the  force i n  the  cable caused by c 
.. " nsion is t o  be observed. The cable speed is  very low and t h e  engine i d l e  
Then t h e  force i n  the cable ,  the cab.le speed, and the engine speed increase 
,siderably - t h e  g l i d e r  undergoes sharp accelerat ion on 'the ground, and a f t e  

aching a ce r t a in  minimum speed separates  from the ground and makes the 
ans i t ion  t o  climbing f l i g h t .  Durin ssage through the t r a n s i t i o n a l  arc 
efore  climb) the g l i d e r  is  f u r t h e r  
creasing speed of the  towing cable.  
d the  decrease i n  engine speed are 

lthough the  winch mechanic presses t 

l e ra t ed ;  t h i s  is  t o  be Seen from the 
e ensuing decrease i n  cable speed 
r e s u l t s  of s t ee r ing  by the p i l o t .  

r o t t l e  lever  t o  the  l imi t ing  

. 
9 
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ra 

pos i t ion ,  t he  g l i d e r  p i l o t  causes t h r o t t l i n g  of t h e  winch engine i n  order  t o  
achieve the proper f ly ing  speed 

- _ -  cable speed. 
-- . .  . ,. .. . ^ .  

~~ - 

Figure 9 .  Arrangement of Measur- Figure 10. Recording of Takeoff 
ing Equipment i n  Old Towing Winch. of  "Baby" Glider Using ''Herkules" 

~~ Towing Winch. 
I 

The per iodic  osc i l l a t ions  of the 
able  t o  be seen i n  t h e  

diagram and ranging up t o  50 kg a re  the 
na tura l  o s c i l l a t i o n  of a mass-spring 
system, the spr ing  being represented 
by the e l a s t i c  sagging cable under ten- 
s ion ,  and the  m a s s  of the o s c i l l a t i n g  
system being represented by the g l ide r .  
Theoretical  calculat ion of  t h i s  f r e -  
quency is  d i f f i c u l t  because s u f f i c i e n t  
da t a  are not ava i lab le  on a constant 
spr ing and e l a s t i c  damping i n  the 
presence of  aerodynamic forces .  These 

f luc tua t ions  of the  angle of attack of 
the  g l i d e r ,  as has been demonstrated by 
calculat ions.  The measured frequencies 
range from 0.6 t o  1.0 H z .  

I o s c i l l a t i o n s  a re  c losely r e l a t ed  t o  the 
Figure 11. Recording of Takeoff 
o f  "Lehrmeister" Glider Using the  
3%4aybach'f Towing Winch. 

These load f luc tua t ions  are a l so  so large and frequent t h a t  they must be 
aken i n t o  account i n  inves t iga t ion  of the  fa t igue  s t rength  of g l ide r s .  

Measurements show t h a t  during every takeoff  approximately 25 load f luc tua t ions  
cur. A g l i d e r  which may beused ' for  twelve years ( i f  it i s  a t r a in ing  g l ider )  
d during t h i s  period perform around 7,000 takeoffs thus undergoes 25.7000 = 
5,000 load var ia t ions  during the  en 
her  effects, m u s t  be taken in to  acc i n  determining the ce r t a in  (safe) 
rv ice  l i f e  of -a g 

r- 

period of use.  This, i n  addition t o  

10 



A recording of the  process of  takeoff  of the  "Lehrmeister" g l ide r  using 
the "Maybach" towing winch is  g 
takeoff from beginning t o  re le  

1 2 .  The individual  phases of 
e c lear ly  seen i n  t h i s  

l l u s t r a t i o n .  The pronounced s ce i n  the  cable a re  c 
ac ts  du2ing uneven unwinding om the  drum. They l a  
2 t o  1/40 of a second and r e  0 t o  800 kg. Because 

e, 

tensive damping by the  cable not t ransmit ted t o  the  g l ide r .  
B 

s ans l a t ed  f o r  the National Aeronautics and Space Administration under Contracl 
0. NASw-1695 by Techtran Corporation, PO Box 729, Glen Burnie, Md. 21061. 


